San Diego, La Jolla, California 92037 7.8, 100 ,umoles; pyridoxal phosphate, 0.15 ,umole; labeled tryptophan; and tryptophanase in a volume of 1.0 ml overlayered with 2.0 ml of toluene. After 30 min at 37 C, the toluene was removed. Fresh toluene and tryptophanase were added. This procedure was repeated at least two times. The reaction mixture was chromatographed on Whatman No. 1 paper with 70% (v/v) ethanol or isopropanol-concentrated ammoniawater (10: 1: 1, by volume) in an ascending manner. The compounds were eluted in distilled water. Contamination by "C( labeled L-tryptophan after purification, checked with the tryptophanase assay, was less than 0.2%.
A previous investigation from this laboratory revealed that the specific radioactivity of 'C-labeled L-tryptophan synthesized by tobacco from sucrose-U-w"C was markedly reduced when cell cultures were grown with D-tryptophan (1) . An explanation of this observation is now presented. Experimental evidence has been obtained suggesting the presence of a racemase which catalyzes the conversion of D-tryptophan to L- tryptophan.
MATERIAILS AND METHODS
Tissue Cultures. Cultures of Nicotiana tabacum L. var. Wisconsin 38 used in the previous study (1) were cultured on a modification of the Murashige and Skoog medium (9, 11) Purification of D-Tryptophan-"C. D,L-Tryptophan-carboxyl-"'C (10 mc/mmole), D-tryptophan-methylene-C (18.3 mc/mmole), D,L-tryptophan-2-"'C (27 mc/mmole), and D,Ltryptophan-7a-`C (3.73 mc/mmole) were purchased from Calbiochem, Nuclear-Chicago, Schwarz Bioresearch, Inc., and Tracerlab, respectively. The Aliquots of the aqueous phase were assayed with tryptophanase as previously described (1).
Determinaton of Radioactivity. Radioactive compounds on chromatograms or in organic solvents were added to scintillation fluid containing 4 g of PPO and 50 mg of POPOP per liter of toluene. Radioactive materials in aqueous solution were added to scintillation fluid containing PPO, 4.2 g; POPOP, 70 mg; absolute ethanol, 300 ml; and toluene, 700 ml. The radioactivity was determined by a Nuclear-Chicago scintillation and purified enzyme preparation in a final volume of 1 ml. The reaction mixtures were incubated for 6 hr at 37 C and then extracted with toluene before assay with tryptophanase.
The data in Figure 3 , A and B, were obtained with extracts which were not subjected to gel filtration. The reaction mixture consisted of D-tryptophan, 15 Bovine serum albumin was used as the standard.
Sterility Controls. In all experiments reported here sterile precautions were taken and there was no microbial contamination observed.
RESULTS
Conversionof D-Tryptophanto L-Tryptophan in Vivo. The elevation of the L-tryptophan pools in cell suspensions cultured with D-tryptophan was confirmed (Fig. 1, A and B) . The size of the pool depended on the initial concentrationof D-tryptophan in the medium and on the length of the growth period.
When Wisconsin cells were cultured withD-tryptophan-7a-4C (Fig. 2) , the L-tryptophan in the elevated pools was labeled in the indole ring. The result suggested that the elevation resulted from the conversion of D-tryptophanto L-tryptophan. When cells were cultured with D-tryptophan-2-14C, the resulting L-tryptophan was also radioactive in the indole moiety as revealed by the assay with tryptophanase (Table I) following experiments. Acidified assay mixtures yielded a net increase in ether extractable radioactivity after incubation with tryptophanase over controls which were not treated with tryptophanase. Paper chromatography of the tryptophanasetreated reaction mixture with 70% ethanol revealed a shoulder of radioactivity which corresponded to the position of authentic pyruvate and which was absent in control assay mixtures which lacked tryptophanase (Fig. 3, A and B) . Again D-tryptophan was the major radioactive compound in the cell extracts with some isotope observed at the origin. The low levels of conversion (Table I) (Fig. 4, A and B) .
Conversion of L-Tryptophan to D-Tryptophan in Vivo.
When the cells were grown with D-tryptophan, a compound with the properties (5, 15) of malonyl-D>tryptophan was found in cell extracts. The compound was extractable into ether from extracts which were acidified to pH 2.5 but was not extractable at pH 7. The compound produced a purple color on chromatograms when treated with Ehrlich's reagent but did not produce any color with ninhydrin. After hydrolysis in saturated Ba(OH), solution for 24 hr at 108 C, an Ehrlichpositive material which chromatographed with D-tryptophan was produced. Heating the compound at 138 to 140 C for 2 min yielded a new substance which chromatographed with N- acetyl-D-tryptophan. The original compound also had the property of moving similarly to malonyl-D>tryptophan on paper with solvents used by Zenk (16) . Although the isomeric form of tryptophan was not determined, higher yields of the compound were obtained when D-tryptophan was supplied than when L-tryptophan was added. In addition, numerous studies (7, 8, 12, 15) have indicated that the D-isomer was involved in the synthesis of malonyl-D>tryptophan. These facts suggest that D-tryptophan was also substituted in tobacco.
Moreover, because the compound was formed when L-tryptophan was fed to tobacco and when indole plus L-serine or indolelactate was provided it was reasonable to infer that the racemase converted the L-tryptophan to the D-tryptophan moiety of the compound in vivo. (15), is made by a reaction or reactions which have not been described. The conversion of Dtryptophan to malonyl-D-tryptophan is suggested not only because the compound has been found in plants but because of the evidence we obtained that it is formed in the cultured tobacco cells when these were fed L-tryptophan.
To our knowledge racemases have not been reported in higher plants. The presumptive presence of the tryptophan racemase in tobacco raises a number of questions. For example, does racemase activity exist for other amino acids or is it confined to tryptophan? In either case what is the biological significance of such an enzyme and of D-tryptophan to plants? As one suggestion, the possibility that D-tryptophan serves as a precursor of IAA appears to have some support from investigations in other laboratories. In systems in which tryptophan mimics the effects of IAA and hence is presumably converted to IAA, D-and L-tryptophan have been found to be equally effective. For example, the growth requirement for an excised wheat root culture (4) and the retardation of abscission of debladed Coleus petioles (13) were instances in which both isomers were equally active. Gordon (6) noted that with several plant preparations D-tryptophan was equal to or more effective than L-tryptophan as a precursor. Similarly, Kim and Rohringer (7) reported that D-tryptophan-methylene-"C was incorporated more efficiently into IAA-"C than L-tryptophanmethylene-14C by excised wheat leaves. The racemase, then, may serve as an enzyme in the biosynthetic pathway of the hormone.
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